Background: Hypothalamic-pituitary-adrenal (HPA) axis abnormalities have been reported in bipolar disorder and also in suicidal behavior, but few studies have examined the relationship between suicidal behaviors and the HPA axis function in bipolar disorder, attending to and minimizing confounding factors. We compare HPA axis activity in bipolar individuals with and without suicidal behavior and unaffected healthy controls through measurement of salivary cortisol. Method: Salivary cortisol was collected for three consecutive days in 29 controls, 80 bipolar individuals without a history of suicide and 56 bipolar individuals with a past history of suicide. Clinical factors that affect salivary cortisol were also examined. Results: A past history of suicide was associated with a 7.4% higher bedtime salivary cortisol level in bipolar individuals. There was no statistical difference between non-suicidal bipolar individuals and controls in bedtime salivary cortisol and awakening salivary cortisol was not different between the three groups. Limitations: The measure of salivary cortisol was a home based collection by the study subjects and the retrospective clinical data was primarily based on their historical account. Conclusions: Bipolar individuals with a past history of suicidal behavior exhibit hyperactivity in the HPA axis. This biological marker remains significant regardless of demographic factors, mood state, severity and course of illness. This finding in bipolar disorder is consistent with the evidence for altered HPA axis functioning in suicide and mood disorders and is associated with a clinical subgroup of bipolar patients at elevated risk for suicide based on their history, and in need of further attention and study.
Introduction
Altered functioning of the HPA axis has been reported in suicidal behavior and in bipolar disorder (Daban et al., 2005; Mann, 2003) . However, many studies of HPA axis function in bipolar disorder have not examined the potential effects of suicidal behavior (Cassidy et al., 1998; Cervantes et al., 2001; Cookson et al., 1985; Godwin, 1984; Linkowski et al., 1994; Rybakowski and Twardowska, 1999; Schmider et al., 1995) and studies of the association between HPA axis activity and suicidal behavior in varied diagnostic groups have had mixed results (Black et al., 2002; Coryell and Schlesser, 2001; Dahl et al., 1991; Duval et al., 2001; Nordström, 2008, 2009; Lindqvist et al., 2008; Pfennig et al., 2005; Pitchot et al., 2008; Tripodianakis et al., 2000; Yerevanian et al., 2004) .
The HPA axis has been examined using a number of methods. Basal cortisol secretion has been measured with 24 hour urinary cortisol secretion and serum or salivary cortisol levels. The feedback and suppression mechanisms of the HPA axis have been investigated with the dexamethasone suppression test (DST) (Carroll et al., 1981) or the dexamethasone/corticotropin-releasing hormone (DEX/CRH) challenge test (Heuser et al., 1994) .
HPA axis hyperactivity has been demonstrated in bipolar disorder during depression and less consistently during manic and mixed episodes. The findings include elevated basal plasma cortisol levels during depression and mania (Cervantes et al., 2001; Cookson et al., 1985; Linkowski et al., 1994) and nonsuppression of cortisol secretion in the DST or DEX/CRH tests during depressed (Rybakowski and Twardowska, 1999) and manic or mixed (Cassidy et al., 1998; Godwin, 1984; Schmider et al., 1995) phases of illness. HPA axis hyperactivity has been considered a marker of mood state and an indicator of response to treatment and outcome, with research in depression showing worse outcome and more recurrence in individuals that do not show normalization of HPA axis hyperactivity after treatment (Ribeiro et al., 1993) . During euthymia, most measurements of baseline salivary cortisol in bipolar disorder have not shown any significant difference compared to unaffected controls (Deshauer et al., 2006; Havermans et al., 2011; Thompson et al., 2005; Watson et al., 2004) . One small pilot study found an enhanced salivary cortisol response to awakening in euthymic bipolar disorder (Deshauer et al., 2003) .
However, some remitted bipolar individuals still show DST non-suppression when euthymic (Deshauer et al., 1999; Hwu and Lin, 1990 ) and other methods of examining the HPA axis such as the DEX/CRH challenge test have also demonstrated evidence of hyperactivity even after remission of mood states (Rybakowski and Twardowska, 1999; Schmider et al., 1995; Watson et al., 2004) . There is also evidence of HPA axis hyperactivity in unaffected relatives of bipolar probands (Ellenbogen et al., 2004; Holsboer et al., 1995) , further strengthening the argument that HPA axis hyperactivity is not solely related to the acute mood state and may be a trait marker.
HPA axis hyperactivity, as shown by DST non-suppression has been associated with future completed suicide (Coryell and Schlesser, 2001; Jokinen and Nordström, 2008) and to a lesser extent, future suicide attempts . Elevated cortisol levels are found in individuals with depression or adjustment disorder and a history of suicide attempts, compared to healthy controls (Dahl et al., 1991; Tripodianakis et al., 2000) . Association between DST non-suppression and future suicide attempts and completions was reported in a metaanalysis of eleven studies (Lester, 1992) and also in several subsequent studies (Coryell and Schlesser, 2001; Nordström, 2008, 2009; Yerevanian et al., 2004) . Though the meta-analysis by Lester (1992) did not find consistent association with prior attempts and DST nonsuppression, Jokinen et al. ) recently reported an association between past suicide attempts and DST non-suppression. The method of attempt may play a role; higher 24 hour urinary cortisol has been detected in violent suicide attempters compared to non-suicidal psychiatric controls (van Heeringen et al., 2000) , and Roy et al. (Roy, 1992) found significantly increased DST non-suppression rates in patients who had made a violent suicide attempt at baseline compared to those who had made a non-violent attempt.
In contrast, several studies have had findings indicating no difference in rates of DST non-suppression based on a history of suicide attempts, prospectively observed attempts or completed suicides (Black et al., 2002; Duval et al., 2001; Pitchot et al., 2008) . Other studies have even demonstrated evidence of lower HPA axis activity in individuals with suicide attempts using the DEX/CRH challenge test (Pfennig et al., 2005) or by measuring basal salivary cortisol (Lindqvist et al., 2008) . Pfennig et al. examined the HPA axis activity in a large sample of 310 individuals with unipolar, bipolar and other depressive disorders with the DEX/CRH challenge test. Both suicidal and non-suicidal depressed individuals had higher post dexamethasone cortisol levels but the suicidal group had a trend towards lower cortisol compared to the non-suicidal depressed group. All participants had significant mood symptoms at time of testing (mean HAM-D = 26) (Pfennig et al., 2005) . Inconsistencies in results may be due to the effects of factors such as demographic differences, mood state, diagnosis, illness severity and diagnostic comorbidities.
The present study examines HPA axis activity as a trait marker for bipolar disorder and suicide by measuring salivary cortisol in a bipolar cohort with a history of suicide and compares it with non-suicidal bipolar individuals and unaffected controls. To address the discrepancies discussed above, we examined the role of potential confounding factors on salivary cortisol including age and sex (Seeman et al., 2001) , menopausal status, BMI (Kumari et al., 2010) , smoking status (Badrick et al., 2007) , childhood sexual abuse (Heim et al., 2010; Nicolson et al., 2010; Stein et al., 1997) , medications, mood state at time of sampling, substance use disorders, chronicity of illness, history of rapid cycling, history of mixed states, years of illness, age of onset, co-morbid anxiety disorders and history of psychosis. Our hypothesis was that those with bipolar disorder would have elevated basal salivary cortisol compared to unaffected controls, and that the suicidal bipolar individuals (defined by a lifetime history of attempted suicide) would have higher levels of salivary cortisol compared to those with no history of suicidal behavior and unaffected controls.
Methods

Participants
Individuals were enrolled between April of 2004 and July of 2008 as part of two studies at the University of Michigan; the Prechter Longitudinal Study of Bipolar Disorder which ascertains and evaluates the individuals for at least 5 years, and a cross sectional genetic study of bipolar disorder which utilized many of the same evaluations as the Prechter project. Both studies were approved by the Institutional Review Board of the University of Michigan Medical School (IRBMED). Participants were recruited from the University of Michigan outpatient clinic and Depression Center, inpatient psychiatric unit, and through advertisements in the local community.
After obtaining informed consent, all participants were evaluated utilizing the Diagnostic Interview for Genetic Studies (DIGS) (Nurnberger et al., 1994) . Interviews were performed by experienced clinicians and a best estimate process involving two independent physicians, psychologists or advanced graduate students was used to reach a consensus DSM IV diagnosis, based on the DIGS interview as well as records of past treatment, when requested for diagnostic or treatment clarification.
At the time of analysis, a total of 185 individuals participated in the study and provided at least one salivary cortisol sample. The majority (152 individuals) were enrolled in the Prechter Longitudinal Study. One subject subsequently retracted their consent, the salivary samples from one subject were missing at time of analysis, the saliva volume from two individuals was insufficient for analysis and three individuals did not complete enough of the diagnostic interview to reach a diagnosis. Of the remaining 178, 118 (66.3%) had a diagnosis of bipolar I, 14 (7.9%) had bipolar II with recurrent depression, 7 (3.9%) had schizoaffective disorder-bipolar type, 8 (4.5%) had other affective diagnosis (depressive disorder NOS, MDD, Bipolar II with single depressive episode), 2 (1.1%) had only non-affective diagnoses (alcohol abuse and dependence) and 29 (16.3%) were unaffected controls. For the purpose of this study, those with bipolar I, bipolar II with recurrent depression and schizoaffective disorder bipolar type were grouped together as the bipolar group (N =139) and were categorized based on reported suicide history obtained during the DIGS. If the subject reported a history of attempted suicide, the DIGS interviewer followed up with more detailed questions regarding the attempt. Two (1.4%) of the participants were missing information on suicide history in their DIGS interviews despite several efforts to contact them for follow-up, and their suicide history status could not be determined.
102 (73%) of the bipolar individuals completed the Childhood Trauma Questionnaire (CTQ). Most of the participants missing the CTQ were from those ascertained in the earlier phases of the study. Based on the scores on the sexual abuse section of the CTQ, we divided them into three groups, those with a positive (score > 5), a negative (score = 5) and an unclear sexual abuse history.
Clinical data including DSM-IV diagnoses and information on the course of the disorder such as presence of lifetime history of psychosis, comorbid anxiety disorder, substance use disorders, rapid cycling or mixed states were gathered from the DIGS and documented during the diagnostic best estimate process. For a number of participants, the history of clinical factors such as mixed episodes, rapid cycling and psychosis could not be determined with certainty. Rather than discarding the data related to these individuals, they were categorized as unclear and the statistical analysis was performed with and without their data included. Per our inclusion criteria, none of the controls (N= 29) had any form of mood, anxiety, psychosis or substance use diagnosis, presently or historically.
Years of illness were determined using the best estimated age of onset of the disorder (mean 22.01 years, S.D. 12.36). Smoking status was determined using the data from the DIGS nicotine use section or the subject's response to the Fagerstrom test for Nicotine Dependence (Heatherton et al., 1991) . For the majority of individuals, height and weight were measured at baseline and body mass index (BMI) was calculated (mean 27.99, S.D. 6.18). However, this data was not collected at the time of salivary sampling on 38 individuals enrolled in the early years of the study. We did not believe this to represent a systematic selection bias, so as not to lose power and be able to use the data collected on these participants, we imputed the BMI for them using the series mean value.
Procedures
Participants collected specimens at home over 3 consecutive days. Salivary cortisol was collected using the Salivette synthetic swab (Sarstedt, Nümbrecht, Germany). Detailed written and verbal instructions were given for the collection process, and to avoid eating, drinking anything other than water, smoking or brushing their teeth at least 30 min prior to collecting the samples. They were to collect samples 10-15 min after waking up in the morning and 10-15 min before going to bed at night, keep the samples in the refrigerator until completion of the collection, and send them back via the provided mailing envelope. Samples were centrifuged at a relative centrifugal force of approximately 2500 ×g for 10 min and the collected specimen was kept frozen at −20°F until ready to analyze.
Analysis was performed at the University of Michigan CLASS Laboratory, Ann Arbor, Michigan. The competitive immunoassay was on a Siemen Centaur automated analyzer, using chemiluminescent technology. The inter-and intra-assay coefficients of variation at 0.7 μg/dl were 12.4% and 3.6% respectively.
Overall, 158 individuals had three bedtime cortisol measures, 14 had two and 4 had one valid bedtime cortisol measure. 157 individuals had three morning cortisol measures, 13 had two and 6 had one valid morning cortisol measure.
Statistical analysis
Average awakening and bedtime cortisol levels were not normally distributed and several individuals had extreme values. Even after log transformation, values of bedtime cortisol remained significantly different from the normal distribution. Due to the non-normal distribution, the presence of extreme outliers and the difference of sample sizes we tested the overall differences between groups using the KruskalWallis H test and report the median and interquartile range. Where the Kruskal-Wallis test was found to be significant, pairwise comparisons were performed using the MannWhitney U test. Statistical significance was set at 0.05 and Bonferroni corrections were made for multiple testing.
We used t tests to compare mean differences and the χ 2 test for frequency data. To control for the effects of any clinical variable that might be different among the suicidal and nonsuicidal bipolar groups on salivary cortisol, variables that showed significant difference among the two groups were entered into a linear regression model with bedtime cortisol as the dependent variable. We tested R 2 changes between models for statistical significance. Statistical analysis was performed using the statistical program, PASW version 18.
Results
Clinical description of participants
The characteristics of the bipolar and control group are summarized in Table 1 . Bipolar individuals were more likely to smoke (χ 2 = 5.527, p = 0.019) and had elevated BMIs compared to unaffected controls (t = 16.003, p b 0.001). Participants who had made a serious suicide attempt or an impulsive less serious attempt with ambivalence or minimal intent were all categorized as attempters (N = 56, 40.3%). Individuals who had thoughts of suicide but never attempted along with those who had never had thoughts of suicide were categorized as non-attempters (N = 81, 58.3%). Table 2 summarized the clinical characteristics of the bipolar individuals categorized by suicide history. Bipolar individuals who presented with illness duration of less than two years or whose periods of remission were longer than mood episodes were categorized as "not chronic" (N =67, 48.2%). If they had some form of mood symptom for most of the duration of illness, they were categorized as "chronic" (N= 66, 47.5%). The chronicity status of 6 (4.3%) individuals could not be determined based on the DIGS and records. Almost 40% of the bipolar sample was considered euthymic (HAMD-17 ≤9 and YMRS≤7) at entry to the study (N=55, 39.6%, Mean Hamilton=4.1 S.D. =2.6, Mean YMRS=1.1 S.D.=1.8) and one-third of the sample was depressed (HAMD-17>9) (N=44, 31.7%: Mean Hamilton =14.3, S.D.=2.9). Less than 7% of the sample was either manic, hypomanic or in a mixed state (YMRS >7) (N=9, 6.5%: Mean Hamilton=10.9 S.D.=5.8; Mean YMRS=11.4, S.D.=3.5). Thirty one of the participants enrolled in the earlier phases in the project did not have HAMD-17 or YMRS scores and their mood state was categorized as unknown (N=31, 22.3%). All 29 unaffected controls were euthymic at the time of evaluation.
Overall the bipolar individuals with a history of suicide attempt were significantly more likely to be female and nonmenopausal (p=0.036), currently smoke cigarettes (p=0.007), have a history of mixed mood episodes (p=0.014) or rapid cycling (p=0.010), an elevated BMI (p=0.003) and more chronic and persistent course of illness (pb 0.001). Bipolar individuals with a history of suicide also had more years of illness (p=0.086) and an elevated rate of substance use disorders (p=0.10) although the differences did not reach statistical significance.
There was no statistical difference in the types of medications used by the two bipolar groups (Table 3) . None was on oral corticosteroids.
Cortisol
There was no statistically significant difference in average awakening cortisol between bipolar or control participants (N= 165, Kruskal-Wallis χ 2 = 2.117, df =2, p = 0.347) ( 
016).
The bipolar group with suicide attempts had more individuals who were on sex hormones (oral or injectable contraceptives) with a significance of 0.059. We examined the difference in bedtime cortisol levels among the two bipolar groups with the 16 participants on sex hormones removed. We found similar results (N = 119, Mann-Whitney U = 1146.00, p = 0.004) and they were therefore included in the analyses.
To better understand the effects of the observed clinical differences on bedtime cortisol we performed a linear regression analysis. When average bedtime cortisol was used as the dependent variable, the distribution of the studentized deleted residuals had high skewness (7.96 with standard error = 0.209) and kurtosis (79.14 with standard error = 0.414) and was significantly different from normal (Kolmogorov-Smirnov statistic b0.001). This was mainly due to three bipolar participants, one with a history of suicide attempt and two without that had average bedtime cortisol levels that were extreme outliers. Each had one very elevated bedtime cortisol level (2.05, 2.59 and 5.28 μg/ dl). After removal of these three extreme values, recalculating the average cortisol level and log transformation of the data, the residuals displayed much closer to a normal distribution (skewness of 0.741 with standard error =0.209 and Kurtosis of 0.869 with standard error =0.414) and the KolmogorovSmirnov test of deviation from normality was no longer significant (0.200). We used this log transformed bedtime cortisol levels as the dependent variable and the clinical factors that were different between the two groups as independent variables. Considering the effect that mood state could have on cortisol levels, we also added mood state to the model, even though there was no difference in the proportion of bipolar individuals in a given mood state by history of suicide attempts. There was no evidence of multicollinearity in our data. All independent variables displayed a tolerance of at least 0.586 and a maximum variance-inflation factor (VIF) of 1.705.
In the first step we created a model with the significant clinical variables (BMI at baseline, years ill, smoking status, history of substance abuse, mixed state history, rapid cycling history, chronicity of course of illness, mood state and sex) and checked for significance of the individual variables and the model as a whole. We used dummy variables for the categorical variables that were not binary. In the following step we added suicide attempt history to the model and looked at the significance of R 2 change, the significance of the whole model and the significance of each standardized coefficient (β). The results are reported in Table 5 .
Only model 2 showed statistical significance (p =0.033). The addition of suicide attempt history to the model also made a significant increase in R 2 (p = 0.041) and suicide attempt history retained its statistical significance in the full model (p = 0.041). Two other clinical variables showed statistical significance in this model. An unclear history of mixed episodes reduced bedtime cortisol compared to bipolar individuals who had no past mixed episodes (p = 0.010) and bipolar individuals with unclear mood status at baseline had a higher bedtime cortisol compared to the euthymic bipolar group (p =0.010).
We also repeated the analysis removing those missing any clinical data (related to baseline mood status, history of mixed episodes, rapid cycling, chronicity of illness and menopausal status in women). 82 bipolar individuals remained. The statistical results were similar, with the bipolar individuals with suicide history exhibiting higher bedtime cortisol levels (Mann-Whitney U = 506.5, p = 0.005). Although the full linear regression model was not significant (p = 0.169) the change in R 2 from adding the history of suicide was highly significant (β =0.354, R 2 change = 0.085, F change = 7.312, df=1, 69, p = 0.009). In this model no other clinical variable had a statistically significant effect on bedtime cortisol. We examined bedtime salivary cortisol levels in euthymic bipolar individuals separately (N = 35 with no suicide attempt and N = 19 with a past history of suicide attempts). Again the mean rank was statistically higher for bipolar individuals with a past history of suicide attempts (MannWhitney U = 209, p = 0.025).
As our inter-assay coefficient of variance of the cortisol test was 12.4%, a repeated measures ANOVA was performed on participants who had three days of bedtime cortisol results (controls = 28, non-suicidal bipolar = 67 and suicidal bipolar = 48) to examine the effects of day of sampling on cortisol levels, along with bipolar and suicide status. Though there was a statistically significant difference (Wilks Lambda F = 4.217 df(2,139) p = 0.017) in the estimated marginal means between sampling days two and three (Mean difference = 0.045 μg/dl, 95% Confidence Interval 0.007-0.082), the difference in estimated marginal means between bipolar participants with and without suicide attempts (Mean Difference = 0.042 μg/dl, 95% Confidence interval 0.004-0.079) remained statistically significant (F = 3.665 df(2,140) p = 0.028). In the full model, the estimated coefficient (b) for suicide was 0.072. We calculated that a history of suicidal attempts increases salivary cortisol by 7.46% [100(e 0.072 − 1)] (Allison, 1999) . In post hoc exploratory analysis, we also looked at severity of suicide attempts and bedtime salivary cortisol. Based on information collected in the DIGS, we categorized the severity of suicidal thoughts and behaviors on a five-point scale.
There was a significant positive correlation between severity of suicidal behavior or thoughts and bedtime salivary cortisol (N= 135, Spearman's rho= 0.255, p = 0.003). Bipolar individuals with more serious suicide attempts had the highest bedtime cortisol levels (Fig. 1) .
Discussion
We found elevated bedtime salivary cortisol in bipolar individuals with a history of suicide attempts compared to nonsuicidal bipolar individuals. Further supporting our findings, secondary analysis of the intensity of suicidal behavior and level of bedtime cortisol indicated a positive correlation, with the highest cortisol levels reported in individuals that had made a past serious suicide attempt. The difference in bedtime salivary cortisol between suicidal and non-suicidal bipolar individuals remained significant even after controlling for age and sex, BMI, smoking status, childhood sexual abuse, medications, mood state at time of sampling and several clinical factors related to course and severity of illness (substance use disorders, chronicity of illness, rapid cycling, mixed states, years of illness, age of onset, anxiety and psychosis). This is a strong indicator that our finding is related to the presence of a past history of suicidality and not related to severity of illness, mood state, or demographic confounders. The presence of this finding during different mood states and also in the euthymic state indicates that hyperactivity of the HPA axis is a biological marker related to suicidality in bipolar disorder and warrants more detailed investigation.
The difference between bipolar participants with and without suicidal behavior was only 0.05 μg/dl. Currently, this test has low sensitivity and specificity in detecting individuals with suicidal history in practical clinical applications. However, the observation of a sustained correlation between increasing suicidality and cortisol levels while controlling for confounding clinical and biological factors clearly indicates the relevance of HPA axis abnormalities in this potentially lethal clinical condition.
Compared to other studies of salivary cortisol in bipolar disorder (Deshauer et al., 2003 (Deshauer et al., , 2006 Havermans et al., 2011; Thompson et al., 2005; Watson et al., 2004) our study sampled the largest number of bipolar individuals. Despite this and contrary to our initial predictions, non-suicidal bipolar individuals did not have a statistically detectable elevated salivary cortisol compared to unaffected controls on awakening or at bedtime. This may reflect the limited sensitivity of salivary cortisol to detect smaller differences in HPA axis activity. In euthymic bipolar individuals, Watson et al. (2004) were unable to detect HPA axis hyperactivity measuring basal salivary cortisol secretion, but identified hyperactivity in the same individuals utilizing the more sensitive DEX/CRH challenge test. We also found no statistically significant difference in awakening cortisol levels in any of the three groups.
In direct contrast to our study, a smaller study by Lindqvist et al. (2008) for the difference in our findings could be that their study had a more heterogeneous diagnostic population compared to our study, which is limited to bipolar individuals. Mood state has a significant effect on the level of HPA axis activity and may also explain some of the reported inconsistencies. Individuals have DST non-suppression during acute mood episodes and in many instances, the DST nonsuppression returns to normal with resolution of mood symptoms (Ribeiro et al., 1993) . In most studies described above, the DST or DEX/CRH tests were done at the time of an acute mood episode. The level of HPA axis hyperactivity during symptomatic mood states may be much larger than the levels of hyperactivity seen in suicidal individuals during euthymic mood states. Our finding suggests that at least part of the HPA axis hyperactivity during acute mood episodes in individuals with a history of suicide does not return to baseline levels and this hyperactivity does not appear to be a marker of other aspects of disease severity or chronicity.
Clearly, measures of HPA axis activity alone cannot completely explain the causes for such a complex behavior as suicide. Coryell et al. (2006) did a follow up study on the causes of death in 334 individuals who had a baseline DST on average 18 years earlier. There were 32 completed suicides. They found an association between completed suicide and baseline DST non-suppression, but only in individuals who were recruited while on an inpatient unit or had reported suicidal thoughts at the index episode, suggesting that the HPA axis hyperactivity may be more of an additive risk for suicide, which factors itself in when other predisposing elements are present.
Our study has a number of limitations. The use of salivary cortisol as a marker of HPA axis activity has both strengths and weaknesses. The collection process is straightforward and simple and relatively free of stress. The specimens can be processed without need for deep freezing and the samples are relatively stable at room temperature. Salivary cortisol has also been closely associated with unbound plasma cortisol (Hellhammer et al., 2009 ). However, salivary cortisol levels can be affected by many factors, including smoking cigarettes (Badrick et al., 2007) , food intake (Rosmond et al., 2000) or brushing teeth prior to sampling. Every attempt was made to mitigate these confounding factors with detailed written instructions and verbal explanations. Cortisol secretion also exhibits a diurnal variation with the highest levels in the morning shortly after awakening and low levels in the evening (Levine et al., 2007) . This highlights the importance of consistency in timing of the samples and we cannot eliminate variability due to non-adherence to instructions.
Although we found no difference in the mood states of bipolar individuals with and without a history of suicide, due to the cross sectional design of the study, we are unable to compare the HPA activity of the same individuals in specific mood states and cannot definitely rule out the role of mood state in the final analysis. In the linear regression model, we only found that participants that had missing mood state had higher bedtime salivary cortisol compared to euthymic bipolar individuals. The significance of this finding is unclear to us and it could be a spurious finding, related to the number of statistical tests that were performed. Limiting our analysis to euthymic individuals provided the same results.
Our participants were not medication free at the time of evaluation. Given the effect of medications on cortisol levels, this could have affected the results. Only sex hormones showed a difference bordering on statistical significance between the suicidal and non-suicidal groups. This difference most likely reflects our finding that more females were in the bipolar group with a history of suicide attempts. Repeat analysis with these individuals removed showed similar results.
Another limitation is that information on several clinical variables was missing in some of our participants. However, we found the same results in the analysis of data with these individuals excluded. Finally, since we have no psychiatric comparison group, the findings may not be generalizable to other diagnostic categories.
In this study, elevated bedtime salivary cortisol was associated with a history of suicidal behavior in bipolar individuals. While HPA axis hyperactivity has been closely related to acute mood episodes, based on our findings, it also may be a trait marker of suicidal behavior during euthymic periods in bipolar individuals.
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